Abstract The dynamic coastline of Soc Trang Province in the Mekong Delta of Viet Nam is in most parts protected from erosion, storms and flooding by a narrow belt of mangroves. However, the unsustainable use of natural resources and development in the coastal zone is threatening the protection function of this forest belt. This situation is exacerbated by the impacts of climate change, particularly by the increased intensity and frequency of storms, floods and by rising sea levels. Based on analysis of past experience of mangrove planting and historical changes in mangrove cover, an integrated and site-specific approach to adaptation to climate change has been put in place, which comprises mangrove planting and rehabilitation with emphasis on resilience to climate change, and participatory involvement of local communities in effective mangrove management and protection through co-management. To address uncertainties associated with the impacts of climate change, testing of new mangrove planting techniques has started. This includes mimicking successful natural regeneration for small-scale planting in sites with high wave energy and transformation of existing even-aged plantations into more diverse forests-both in terms of structure and species composition. The pre-requisite for mangrove rehabilitation in erosion sites has successfully been put in place: breakwaters made from bamboo have reduced erosion and stimulated sedimentation. The design and construction of the wave-breaking structures, which was based on a numerical model which simulates hydrodynamics and shoreline development, ensures that downdrift erosion can be avoided as far as possible. A comprehensive monitoring program has been established and initial results provide evidence for the effectiveness of the bamboo breakwaters. Early experience shows that co-management is an effective way of maintaining and enhancing the protection function of the mangrove forest belt and at the same time providing livelihood for local communities. Payment for ecosystem services contributes to sustainability of co-management as well as livelihood improvement.
Introduction
The Mekong Delta plays an important role as 'rice bowl' for the whole of Viet Nam. Rapid expansion of shrimp farming in the Mekong Delta has contributed to economic growth and poverty reduction, but has been accompanied by rising concerns over environmental and social impacts (Phan and Hoang 1993; de Graaf and Xuan 1998; Páez-Osuna 2001; Primavera 2006) . Between 1987 and 1992 for example thousands of hectares of mangrove forest were converted into shrimp farms (Pham 2011) . The lack of an integrated approach to sustainable management, utilization and protection of the coastal zone and economic interests in shrimp farming have led to the unsustainable use of natural resources, thus threatening the protection function of the mangrove forest belt and, in turn, reducing income for local communities. The coastal zone is also affected by the impacts of climate change (IPCC 2007; Carew-Reid 2007; MoNRE 2009; MRC 2009 ). Climate change is predicted to cause increased intensity and frequency of storms, floods and droughts, increased saline intrusion, higher rainfall during the rainy season and rising sea levels.
The project 'Management of Natural Resources in the Coastal Zone of Soc Trang Province, Viet Nam', which is funded by the German Federal Ministry of Economic Cooperation and Development and implemented by GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit), aims to protect and sustainably use the coastal wetlands for the benefit of the local population through mangrove rehabilitation and management with emphasis on resilience to climate change.
Soc Trang Province ( Fig. 1 ) is one of 13 provinces in the Mekong Delta region and is located south of the Hau River, which is the southern-most arm of the Mekong. The province covers a total area of 331,176 ha, of which 205,748 ha are used for agriculture, 11,356 ha for forestry and 54,373 ha for aquaculture. The population of the province is 1,285,096 out of which 371,266 are Khmer and 75, 421 are ethnic Chinese (2008 figures from Soc Trang Statistics Office 2010). The coastal zone has a length of 72 km.
The coastline of Soc Trang Province is characterized by a dynamic process of accretion and erosion created by the flow regime of the Mekong River and its sediment load, the tidal regime of the South China Sea (Vietnamese East Sea) and coastal long-shore currents driven by prevailing monsoon winds. In some areas of Soc Trang loss of land, due to erosion, of up to 30 m per year has been recorded, while in other areas land created through accretion can reach up to 64 m per year (Pham et al. 2009; Joffre 2010; Pham 2011) . About 11 km of coast line of Soc Trang are currently subject to erosion. The earth dyke along this stretch of coast, which protects the hinterland from flooding, is in several places endangered by severe erosion, which in turn endangers the people and farmland directly behind the dyke. In several sites a total of around 300 m of mangrove forest in front of the dyke has been eroded away completely.
Along such a dynamic coastline a narrow mangrove forest belt is often not sufficient to protect the coast and the earth sea dyke from erosion. In such a setting mangrove management cannot be done effectively through a sectoral approach, it must be part of an integrated coastal area management (ICAM) approach which includes adaptation measures to climate change. ICAM requires risk management of the coastal zone Fig. 1 Soc Trang Province, location of pilot sites and accretion/erosion areas. The accretion and erosion areas were determined by field work and reflect the current situation as a whole-not only of isolated erosion sites-by considering different options depending on site specific conditions and by putting in place risk spreading strategies over space and time to address uncertainties, such as dealing with predicted negative impacts of climate change. The project is therefore piloting new approaches to both mangrove rehabilitation/planting and to effective mangrove management and protection.
Mangroves provide a wide range of ecosystem services (Millennium Ecosystem Assessment 2005; Barbier 2007 ) including, in the context of climate change adaptation, protection of beaches and coastlines from storm surges, waves and floods; reduction of beach and soil erosion; stabilization of land by trapping sediments; and sequestration of carbon dioxide (Barbier 2007; Nagelkerken et al. 2008; Walters et al. 2008; McIvor et al. 2012) .
Despite their importance mangroves have been degraded (over exploitation of coastal resources) and converted (landuse changes for agriculture, aquaculture and development) at a large scale (Alongi 2002; Giri et al. 2011) . Between 1980 and 2005 about 20 % of mangroves were lost, with Asia suffering the largest regional net loss (FAO 2007) .
This widespread degradation and loss, together with an increasing awareness of the importance of these coastal forests, has led to many attempts to rehabilitate mangrove forests. The importance of identifying the main objectives of a restoration program and selecting species based on their autecology and community ecology, hydrological patterns, tidal amplitude, soil conditions, salinity and morphodynamics has been highlighted by many authors (e.g. Erftemeijer and Lewis 2000; Lewis 2001 Lewis , 2005 ). This has also been shown by the analysis of success and failure of mangrove rehabilitation in Soc Trang between 1993 and 2008 (Pham 2011) .
Mangrove forests can act as bioshields for the protection of people and assets from erosion and storms. Their effectiveness, however, depends on many variables and they do not provide effective protection against all hazards such as extremely large tsunami waves (Wolanski 2006; Mukherjee et al. 2010) . Where bioshields are not likely to be effective, the choice is to retreat from the shoreline or to implement other forms of protection involving hard defenses (e.g. dykes) or a combination of hard and 'soft' interventions. Breakwaters can be used in specific sites to reduce erosion and stimulate sedimentation as a pre-requisite for mangrove rehabilitation.
When using mangroves for adaptation measures to the negative effects of climate change, it is essential to understand natural processes (Lewis 2005) . This understanding will help with the design of appropriate, site-specific and integrated adaptation measures. Adaptation measures should include the testing of innovative approaches because we are dealing with uncertainties due to climate change and therefore need site-specific risk-spreading strategies over space and time.
All mangrove rehabilitation and planting efforts will be of little use if the plantations are not effectively protected afterwards. Newly planted forests must be protected from human impacts such as destructive fishing methods. In specific sites they must be protected from waves. Furthermore, established mangroves must be managed effectively and protected from human impact. To achieve this, the project introduced co-management, which has been used successfully for management of natural resources worldwide (Borrini-Feyerabend et al. 2004) , as a new form of mangrove management in the pilot site of Au Tho B Village.
The main objective of mangrove rehabilitation in Soc Trang Province is coastal protection against tidal waters, erosion and storms. In order to achieve this in an effective way, the project is testing site-specific approaches for mangrove planting and rehabilitation with emphasis on resilience to climate change (innovative planting techniques which mimic natural regeneration and planting in erosion sites in combination with bamboo breakwaters), and the participatory involvement of local communities in effective mangrove management and protection through comanagement.
Material and methods
An overview of the methods and how they are linked to the outcomes is given in Fig. 2 .
Assessment of past mangrove planting and rehabilitation experiences
Both for mangrove planting and rehabilitation, as well as effective mangrove protection and management, the project carried out systematic assessments of past experiences and an analysis of reasons for success or failure. These analyses were carried out by the Sub-institute of Forest Inventory and Planning, Ho Chi Minh City. Records from mangrove plantings since 1993 were compared with the results from field surveys (mangrove survival and growth rates) carried out in 2008. Additional information was obtained from a mangrove cover change analysis using topographic maps from archives and libraries in Aix en Provence and Paris (France) dating back to 1889, aerial photos from 1953 to 1965, SPOT satellite images from 1995, Landsat ETM images from 2001 and QuickBird satellite images from 2006/7. The analysis of the effectiveness of mangrove protection and management was based on interviews with local people and local authorities.
Mangrove planting and rehabilitation
Mangrove planting trials which mimic natural regeneration were established and species, number, height and knots (the point on the stem where the opposite leaves are attached: nodes) were recorded in randomly placed sampling plots as described in Pham et al. (2011) .
One approach mimics natural regeneration of selected species by planting seedlings in high densities close to established trees and shrubs. This approach, which may achieve greater ecosystem resilience while maintaining the natural community structure and forest composition, may be suitable for small-scale planting in sites with high wave energy where patches of shrubs or mature trees are already established (Fig. 3a) , because experience from many mangrove afforestation projects has shown that in such sites only seedlings planted close to mature trees survived (Duke, pers. comm.) .
Twenty-four plots of around 30 m 2 each (range 26-36 m 2 ) were established on the seaward side of existing shrubby Rhizophora and Avicennia stands with an average height of 2-6 m. Seedlings were planted in October 2009 in densities ranging from 8 to 40 seedlings/m 2 and varying species compositions of Rhizophora apiculata and Ceriops tagal (Meinardi 2010 A second approach is the transformation of even-aged plantations into more diverse forests, both in terms of structure and species composition. This approach mimics the natural occurrence of canopy gaps and the natural regeneration which takes place in such gaps (Duke 2001) .
Different gap sizes were created by felling 2, 3 or 4 mature trees in an even-aged, 13 year old Rhizophora plantation with an average height of 6-8 m, resulting in gaps from 7 to 45 m 2 (Fig. 4a) . Planting was carried out in 9 plots in October 2009, with a planting density of 21-46 seedlings/m 2 and a varying species composition of Rhizophora apiculata and Ceriops tagal. 9 gaps were left for natural regeneration to occur and 3 control plots without gaps were marked (Meinardi 2010) . Additional planting of Avicennia marina was carried out in 9 plots in July 2011.
Percentage survival rates for Rhizophora apiculata and Ceriops tagal were recorded 4, 8, 16 and 28 months after the planting in canopy gaps with size groups of 13, 20, 22, 24, 31 Fig. 2 Schematic overview of the methods used and how they are linked to the outcomes (grey boxes). Monitoring is used to provide an evidence-base on the level of achievement of outcomes covered the northeast monsoon seasons (November to April) and southwest monsoon seasons (May to October). Vessel-based measurements of current parameters (velocity, direction) and bathymetry were carried out at 17 cross-shore profiles along a 20 km section of the coast of Vinh Tan Commune during different tidal phases. Sediment concentrations were measured along the cross-shore profiles in certain intervals. Selfsustaining sensors were used for stationary measurements of wave parameters, suspended sediment concentrations and current parameters in several positions near the endangered dyke at Vinh Tan. Data from the field measurements and available data on the bathymetry, water levels, river discharges and sediment loads were used to verify the results of the numerical modeling and to understand the hydrodynamic and morphodynamic processes in the focus area.
Hydrodynamic and morphodynamic models were developed for the design of wave-breaking barriers. An overview of the process is shown in Fig. 5 . On the basis of the bathymetric data a two-dimensional depthaveraged numerical hydrodynamic model was set-up. For this, the Open Source Software RMA•KALYPSO was used (http://kalypso.bjoernsen.de), which consists of various sophisticated hydrological, hydraulic and damage modeling tools and modern decision support tools for spatial planning of flood risk management. The source code is a modified software distribution of the numerical model RMA-10S (King 2006, unpublished) , which is based on RMA2 (Donnell et al. 2006) . Further development of the model was carried out by the Institute of River and Coastal Engineering of the Hamburg University of Technology (Schrage et al. 2009 ). To design the breakwaters, information about the wave climate in the focus area was necessary. To obtain the wave parameters for different scenarios, the numerical wave model SWAN, which was integrated in RMA•KALYPSO and was coupled with the hydrodynamic model was setup, calibrated and verified (www.swan.tudelft.nl). The results of the hydrodynamic modeling were used in the morphodynamic model GENESIS (Hanson and Kraus 1989) which simulated the shoreline changes in the focus area. Due to general uncertainties in morphodynamic modeling an evaluation and error estimation of the model results is crucial (Young et al. 1995) .
The wave dampening effects of conventional breakwaters (rubble mounds) and adapted approaches using local materials (bamboo and brushwood) were tested in a wave flume. The wave dampening effects of bamboo fences were tested after construction in Vinh Tan. Waves were measured at two positions on the seaward and on the landward side of the bamboo fence each with a distance of approximately 5 m to the fence. For the measurements, pressure transducers were used. The measurements ran continuously for approximately 6 months a b with a frequency of 10 Hz. The wave data were analyzed and summarized in significant wave heights of 15-min periods.
Co-management
For a new approach to effective mangrove protection and management through co-management, the project followed a 4-step participatory process. The steps are:
(1) consultation and organisation -this step will end with the formal establishment of a resource user group; (2) a series of negotiation meetings which will end with a legal agreement between the local authorities and the resource users; (3) implementation of the agreement; and (4) monitoring and evaluation with emphasis on adaptive management (Lloyd 2010) . These 4 steps are a different way of describing the 3 main phases of comanagement according to Borrini-Feyerabend et al. (2007) .
Results

Dense planting close to established (mature) trees
For Rhizophora and Ceriops, results of a two-way ANOVA test indicate that there is a significant effect of planting density on the survival rate: p = 0.000689, df = 3 for Rhizophora and p=0.000357 for Ceriops. Planting densities of 5 and 9 seedlings/m 2 were associated with significantly higher survival rates than planting densities of 21 and 35 seedlings/m 2 . There was a significant decline in survival of Rhizophora seedlings with time after planting (p = 0.020047, df = 3) while for Ceriops the decline was not significant (p = 0.226579), with an average of 83.4 % of seedlings still alive 33 months after planting.
Between February 2010 and June 2012, the average height increase for Ceriops was almost 5 fold and for Rhizophora almost 4 fold; after 3 years the average height for Rhizophora was 1.04 m. Natural regeneration of Avicennia marina occurred sporadically.
Creating gaps for natural regeneration or planting For Rhizophora and Ceriops results of a two-way ANOVA test showed that there was no effect of gap size on seedling survival (p=0.287625 for Rhizophora and p=0.137469 for Ceriops, df=5).
There was a significant decline in survival over the 28 month period. After 16 months only a few Rhizophora seedlings were left in the gaps and after 28 months only one was left in a 24 m 2 gap (p=0.00000013, df=3). The decline of Ceriops was slightly less marked, and after 28 months a few seedlings were still recorded in 3 plots and 27.6 % of the originally planted seedlings had survived in a single 31 m 2 plot (p=0.0003152 for Ceriops, df=3). The nine gaps which were left for natural regeneration showed very little regeneration of Rhizophora (1 or 2 seedling in a few gaps) and no regeneration of Ceriops. After 16 months none of the naturally regenerated seedlings had survived. In the 3 control plots sporadic occurrence of a few seedlings was observed but none survived for more than a few months.
The average height of surviving Ceriops seedlings increased by 113.6 % between February 2010 and February 2011. During the same period the average height of Rhizophora seedlings increased by 76.1 %. Between February 2011 and February 2012 the height increment was very small, but no analysis was carried due to the low number of plants still alive. The maximum height of Rhizophora after 2.5 years was 50 cm.
Mangrove rehabilitation/planting in erosion sites
The recorded wave parameters showed a clear dependency on the monsoon season. Recorded currents showed a strong long-shore component due to the approaching tidal wave along the South Vietnamese coast. These currents were increased during the northeast monsoon season. The course of the suspended sediment concentration was affected by tidal currents, while the peaks of suspended sediment concentration were influenced by current velocities and wave heights. During flood tide, long-shore currents occurred at the same time as the peaks of the suspended sediment concentration. This indicates long-shore sediment transport, which reaches the highest values at the end of the rainy season (October/November) due to high sediment loads in the branches of the Mekong River. During the main period of the northeast monsoon, higher waves were recorded in the investigation area. The waves approached the coast of Soc Trang and Bac Lieu (south of Soc Trang Province) with a strong long-shore component. During this period, while the sediment plume of the Mekong is less pronounced and less material is available, the northeast monsoon winds cause increased coastal long-shore drift and erosion.
The numerical modeling was done in three steps (Fig. 5) . A wave model was set up in a larger investigation area reaching from Vung Tau to Ganh Hao (distance about 250 km) and 40 km out from the coast into the South China Sea. The results were used as design parameters for the erosion protection measures at the coast. The wave model was coupled with the hydrodynamic model which simulated currents and wave-induced currents. The results were then used as input parameters in the morphodynamic model which simulated the shoreline changes. This third model covered the coast around the focus area at Vinh Tan. It simulated shoreline changes based on the current and wave regime. Various structural (erosion protection) measures were integrated in the model and the resulting effects were simulated. The efficiency of the measures, the optimal positions and the best characteristic values were identified.
The results of both the field measurements and the numerical modeling were used to define important boundary conditions for the design of countermeasures: soft soil with silty and clayey material; significant wave heights of 0.65 m; wave periods between 5 s and 6 s; tidal range of 3.50 m; water depths at dyke up to 2 m at high water.
Six months of wave height measurements offer representative results for the wave damping effect of the bamboo fences in various wave and tidal conditions. The reduction of the wave height, and thus the effectiveness of the bamboo fence, very much depends on the wave parameters of the incoming waves and the tidal conditions. Figure 6 shows the wave dampening effect in percent of incoming waves independent from the actual wave height, both for the results of the field measurements and the results of the physical modeling. On the y-axis the wave transmission coefficient k T is displayed (ratio between the transmitted wave height (H T ) on the landward side and the initial wave height (H) on the seaward side). A transmission coefficient of 0.3 therefore means that the transmitted wave height H T is 30 % of the initial wave height H, and the reduction of the wave height is 70 %. On the x-axis the influences of the tidal conditions (the water level) and the characteristics of the approaching waves (explicit the wave height and implicit the wave length) are considered and combined in one coefficient. The freeboard R C is the distance from the top of the structure to the water surface and thus indicates the water level in relation to the bamboo fence. A negative freeboard indicates a submerged crest, e.g. when the water level is above the bamboo fence, and so does a negative coefficient R C /H. Furthermore, in this coefficient the initial wave height H is considered. The wave length, which is also important for the effectiveness of the structure, is considered implicitly in the water depths.
The black triangles in Fig. 6 show the results of the physical modeling in a wave flume with a fence with two rows of bamboo and a filling of brushwood. At a ratio R C /H of approximately 0.6 the transmitted wave height is only 15 % of the initial wave height. For higher submergences or larger wave heights the transmission coefficient becomes 1.0. The continuous thin black line is the best-fit through the measured values.
The transmission coefficient derived from the field measurement is approximately 0.75 when the water level is above the crest of the bamboo fence (R C /H< 0), which means a reduction of the initial wave height of 25 %. When the water level drops below the crest of the bamboo fence (R C /H>0), the transmission coefficient is between 0.60 and 0.20 depending on the structure of the brushwood bundles. Flexible bundles lead to smaller wave transmission coefficients (black crosses) than stiff bundles (black rhombi) and thus have a larger wave damping effect which can reach up to 80 % reduction of the initial wave height. The dashed line and the thick black line are lines of best-fit through the measured values.
The wave transmission coefficients derived from the physical modeling are smaller because the poles of the bamboo fences in the physical model were placed closer together than in the fences constructed in Vinh Tan. Here, the bamboo poles where placed with a gap of 0.30 m. This wider spacing was implemented during field testing were the design of the model was optimized under consideration of static design aspects and due to economic reasons.
Bamboo fences yielded very good results in the field testing and have additional advantages due to the strength, local availability and low cost of bamboo. Experiences from 10 years of use of bamboo in erosion protection in Khok Kha (Samut Sakhon Province, Thailand) showed that bamboo used for wave-breaking barriers lasts for 5-7 years (pers. comm. Worapol Douglomchan 2011). The fences are constructed by two rows of bamboo poles with several layers of bundles in between. Normally, the top of the construction is equal to the mean high water level.
In many places along the east coast of Soc Trang Province, remaining headlands with mangrove vegetation are interrupted by gaps where floodplains are eroded and the waves directly reach the dyke. Closing these gaps will create a smooth shoreline with contour lines more or less parallel to the coast. Here, cross-shore and longshore bamboo fences are used to form fields approximately 50 m× 50 m in size, where currents and waves are damped and deposition of sediments is supported. The cross-shore fences decrease the longshore currents and the longshore fences damp the incoming wave energy. The fences parallel to the shoreline have openings 20 m in width to secure the drainage of the fields (Fig. 7) . Effective mangrove management and protection through co-management The co-management process followed in Au Tho B Village has been described in detail by Lloyd (2010) . During this participatory process resource users and local authorities jointly negotiate a formal agreement on their respective roles, responsibilities and rights, and formed a pluralistic governance body (Borrini-Feyerabend 2011) . The result in Au Tho B is effective protection of the mangrove forest belt, improved livelihood for local communities, and better governance (Schmitt 2012) .
Discussion
Decisions made now about climate change adaptation measures which focus on a single strategy, rather than a diverse suite of adaptation strategies, may lead to path dependencies and ultimately to a reduction in adaptive capacity. Individual adaptation options which are developed in isolation, with inconsistent strategies and without a vision of a preferred future may create adaptation conflicts and lead to maladaptations, or path dependencies (Smith et al. 2013) .
When addressing climate change and adaptation we are dealing with uncertainty. It is therefore important not to put all efforts in a single adaptation strategy, but to focus on ecosystem-based approaches which address diversity, connectivity, and adaptive capacity (Bernhardt and Leslie 2013) . Adaptation measures often address climate variability rather than climate change. This provides the opportunity to test a diverse suite of innovative measures-and after their effectiveness has been evaluated-the successful measures can then be applied if, when and where needed. This can ensure adaptive capacity in future while at the same time urgent measures of adaptation to climate variability can be put in place now.
In the case of the Mekong Delta there is a strong focus on protective strategies such as dyke building, planting of an at least 500 m-wide mangrove belt in front of the dyke and forest protection contracts for individual households. It is, however, important to put in place site-specific adaptation measures which are suitable across the range of ecological conditions and socio-ecological dynamics found along the coast of Soc Trang following an ecosystem-based approach which addresses diversity, connectivity, and adaptive capacity. This becomes even more important when looking at extended time frames in the context of climate change. Bernhardt and Leslie (2013) also emphasise that traditional management strategies, which are often sector or species specific, cannot effectively deal with the effects of climate change.
Strategies for coastal protection can be grouped into defence (hold the line), retreat, expansion, adaptation and do nothing. Static engineered response to shoreline protection using sea dykes should not be the only adaptation approach. More diverse strategies offer greater opportunities for switching between strategies and ensuring less dependence on a single strategy. "There are no absolute rules, nor absolute solutions to the problem of coastal erosion given the dynamic and the diverse character of the shoreline. No single set of regulations, or single land use management philosophy, is appropriate for all coastal situations or settings. The diversity of the coasts requires consideration of a variety of solutions when addressing problems in a particular area." (CEM 2002, page I-2-16) .
In sites, where a concrete dyke is the appropriate solution, care must be taken to design the dyke in such a way that it can be raised in response to sea level rise when needed. There is no need to build dykes now which are high enough for a predicted sea level rise of 1.0 m by 2100. However, the dyke crest for example must be wide enough for the dyke to be heighten when needed while maintaining a seaward slope of 1:6 or even flatter.
An earth dyke is often sufficient in sites where mangroves can grow because a healthy mangrove forest will protect the dyke from erosion. The effect of mangroves on coastline protection in Viet Nam has been demonstrated by Mazda et al. (1997) who showed that a 1.5 km wide belt of 6 year old mangroves reduced the height of incoming waves from 1.0 m to 5 cm (at the coastline/dyke). In areas without mangroves the waves were reduced to 75 cm in height, due to bottom friction. This has also clear financial benefits. US$1.1 million invested in mangrove rehabilitation in northern Viet Nam saved US$7.3 million annually for dyke maintenance (Brown et al. 2006) .
In sites where erosion has destroyed the mangrove forest, rehabilitation can only succeed if wave energy is reduced and sedimentation stimulated (Chong 2005; Fröhle et al. 2008 , Zemlys et al. 2007 ) because mangroves grow only along sheltered tropical and sub-tropical coastlines (FAO 1994) . They do not grow naturally in sites with strong erosion. In such sites, an erosion control model is needed which combines 'hard' and 'soft' solutions, i.e. breakwaters and mangroves. Care must be taken to design structural measures so that they avoid negative effects such as downdrift erosion as far as possible (Kamphuis 2010 ). This can be achieved through the use of T-fences which connect existing headlands, close eroded gaps in the mangrove forest belt and recreate eroded floodplains. The use of fences for land reclamation started on the German North Sea coast around the year 1365 after several severe storm surges caused large losses of land on the coasts. In 1847, systematic land reclamation was established by the Danish government (Probst 1996) . Until the middle of the 20th century, the aim of land reclamation was to create new fertile areas for agricultural cultivation, but during the last three decades, land reclamation has been used as an active measure aimed at coastal protection (Kramer 1989) . Using the same principles along the Mekong Delta coast in Vinh Tan and Nopol has shown that bamboo T-fences are a successful measure of coastal protection in specific sites.
Planting of an at least 500 m-wide mangrove belt in front of the dyke is a strategy which cannot be applied in every site. Mangroves only grow in sites with the right hydrological patterns, tidal amplitude, soil conditions, salinity and morphodynamics. In addition, information about historic distribution of mangrove species contributes to a better understanding of their habitat requirements and dynamics (Joffre 2010) . In the case of Soc Trang, the importance of appropriate species selection, site selection for the planting of different species, planting techniques and the best planting times has been described in a mangrove planting and management tool box consisting of three manuals: Mangrove Nursery (Hoang and Pham 2010); Mangrove Planting and Management (Pham et al. 2009 ) and Monitoring . The mangrove planting manual also covers examples of new approaches for mangrove planting.
First analysis of the planting trial which mimics nature by planting seedlings in high densities close to established trees and shrubs showed that planting densities of 5 to 9 seedlings/m 2 were associated with better survival than higher planting densities. If this kind of small-scale planting is expanded, after 2 years it can lead to a tapering forest edge (Fig. 3b) .
The seedling survival rate over time showed some decline for Rhizophora and no significant decline for Ceriops. However, seedling survival may not be the best indicator for the success of mangrove rehabilitation. Monitoring which aims to provide evidence about success of mangrove rehabilitation should focus on mangrove forest health rather than species survival rate.
Analysis of the data from the trial which used artificial canopy gaps to examine whether planting in these gaps or natural regeneration will contribute to transforming evenaged plantations into more diverse forests showed that there was no effect of gap size on seedling survival for gaps between 13 and 38 m 2 for seedlings planted and up to 45 m 2 for natural regeneration. In all plots seedling decline was significant and 28 month after planting most of the planted seedlings and all the naturally regenerated seedlings had died.
Survival of seedlings may be influenced by the extensive use of the area for collection of natural resources, particularly firewood, as well as other environmental factors and crabs which destroy seedlings. However, the fact that successful natural regeneration occurred in a much bigger natural gap near the artificially created gaps (Fig. 4b) is an indication that the limited availability of light may be the main factor contributing to the low survival rate and rapid decline in seedling numbers. One could hypothesize that a gap size of 45 m 2 is too small to successfully support natural regeneration or survival of planted seedlings. Further studies will be required to verify this hypothesis.
An adaptation strategy should not only focus on planting mangroves, it should also aim to maintain the health of the remaining mangrove ecosystems effectively, and it should reduce the rate of mangrove loss. This is often more effective than trying to plant new mangrove forests. The health of existing forests can for example be improved by converting monospecific plantations into more resilient forests. Mangrove loss and degradation of mangrove health can also be avoided through awareness-raising and by putting in place effective management structures.
Analyses of successes and failures of mangrove management approaches in Soc Trang have shown that individual household-based forest protection contracts did not work and were financially unsustainable (Joffre and Luu 2007; Pham 2011) . This is supported by Sikor and Nguyen (2011) who concluded that transfer of tenure to communities possesses little value if forest protection obligations are more important than rights to forest management. In such a situation comanagement offers an effective solution. Co-management is placed in between full control by a state government (such as a National Park managed by a state authority) on one side and full control by local actors on the other side (see table 3 page 27, Dudley 2008) . In co-management of mangrove protection forests on the sea-side of the dyke the land is owned by the government while the decision-making power, management responsibility and accountability are shared between government agencies and local communities who depend on the natural resources for their livelihood. The importance of shared governance between the actors has been highlighted by Borrini-Feyerabend (2011) .
More than 3 years of experience with mangrove comanagement in Au Tho B Village has shown that comanagement is an effective way of maintaining and enhancing the protection function of the mangrove forest belt and, at the same time, providing livelihoods for poor local people. This has been confirmed through resource-use monitoring and by people who are using resources from the mangrove forest for their livelihood and as a result of comanagement have more income, better governance and more resources. The increase in aquatic resources is the result of the sustainable use of resources from the mangrove forests and the exclusion of resource-use in the protection zone (Schmitt 2012 ). An increase of aquatic resources through exclusion of use in defined areas has also been shown by Laegdsgaard and Johnson (1995) , Mumby et al. (2004) and Mumby (2006) .
Through the co-management process, the local resource users have been organized into a group recognized by law and negotiated a co-management agreement jointly with the relevant local authorities. Through this agreement and its resource-use regulations the resource users are given clear and secure user rights to sustainably use resources as well as the responsibility to manage the resources sustainably and to protect the mangrove forests. This increases the sense of ownership and results in improved and more effective protection of the resources, which has also been shown for Indonesia by Erdman et al. (2004) . Locally made rules and regulations, which are the result of a participatory process, contribute to high compliance. This is supported by findings from Cinner et al. (2005) for marine protected areas. Ownership by all stakeholders involved in joint governance, or co-management, is a key factor for success, as is political support. In the case of Viet Nam, support from the Provincial People's Committee is a prerequisite for the successful implementation of co-management. Champions who are prepared to support innovative ideas and can motivate others are also essential for the success of co-management.
Co-management should be part of an integrated coastal management strategy which looks at the coastal zone as a whole and which considers different management options depending on site specific and socio-economic conditions. This includes other land/resource-uses or controls in the vicinity and their interactions with co-management. One example is commercial farming of clams on sandbanks in front of the co-managed mangrove forest. Here it is essential to look at how people access the sandbanks through the forest and that stakeholders in charge of clam farming are involved in the co-management process and access planning.
Mangrove co-management, in contrast to community forestry which focuses on silviculture (and where the government's role is often that of a technical advisor, not a joint decision-maker), is primarily done with the aim of protection, and thus resource-use is restricted. Resource users therefore have only limited options for getting direct financial benefits from the co-management of mangroves, although they and others benefit from the ecosystem services provided by effectively managed and protected mangrove forests. These include storm, flood and erosion protection for all people living in the coastal zone as well as food, shelter and nursery ground for aquatic species, which benefits all who catch aquatic resources (Hamilton and Snedaker 1984; Schatz 1991; Samonte-Tan et al. 2007; Aburto-Oropeza et al. 2008; Warren-Rhodes et al. 2011) .
To ensure sustainability of mangrove protection through co-management, the project initiated a payment for ecosystem services involving the private sector. After a long consultation process with all stakeholders, the members of the clam cooperative on the sand banks in front of the mangrove forests of Au Tho B agreed that they will benefit from a well-protected and managed mangrove forest through higher clam yields. Based on this, a direct payment from the clam cooperative to the co-management group was negotiated. The clam cooperative will pay for the operational costs of mangrove comanagement-and this has been written into the statute of the cooperative. Furthermore, by joining the clam cooperative, members of the mangrove co-management group receive direct financial benefits, which are related to the condition of the mangrove forest and their efforts to protect it.
In the case of Au Tho B, payment for mangrove ecosystem services through reimbursement of operational costs is a direct payment which can be implemented based on the acceptance by users and providers of the service without the need for valuation of the services provided by mangroves. This is another example where different site specific and appropriate solutions are put in place as part of an integrated approach.
Conclusions
Climate change adaptation measures must be based on a sound understanding of natural processes, such as shoreline changes induced by erosion and accretion. This is particularly important along the highly dynamic coast of the Mekong Delta where site-specific adaptation measures are needed. Adaptation measures must be part of an integrated approach to coastal area management which also considers human activities along the coast, because they often exacerbate coastal erosion. They should also include testing of innovative approaches because of uncertainties due to climate change. This requires putting in place risk-spreading strategies over space and time. A viable adaptation strategy should include a diverse and site-specific range of approaches to ensure that adaptation conflicts, maladaptations, or path dependencies can be avoided.
The understanding of natural processes has contributed to the development of site-and species-specific mangrove planting recommendations in a comprehensive manual. The trialing of innovative planting techniques which mimic nature has produced some initial results: small-scale plantings with densities of 5 to 9 seedlings/m 2 close to established trees and shrubs showed high survival rates and expansion of such plantings after 2 years formed a tapering forest edge. This creates a forest structure which is close to that of a natural forest. Forest structure and biodiversity can be used as indicators for the success of mangrove rehabilitation.
The development of an erosion control model has started which combines bamboo wavebreakers designed according to computer-based current and erosion modeling, and mangrove rehabilitation. The careful design of erosion protection measures, which will minimize damage in other places, requires field measurements and numerical modeling as well as appropriate design of the actual protection measures.
Testing of co-management for mangrove protection and management has shown very promising results in Au Tho B Village. Co-management can clearly maintain and enhance the protection function of the mangrove forest belt while at the same time provide livelihood for local communities. The set-up of a pluralistic governance body for joint decisionmaking and the involvement of the private sector through payment for ecosystem services contribute to sustainability.
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